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Since Nicholaus Friedreich's initial description in 1863' of the disease which was by 1882 to become known as Friedreich' s ataxia, there have been many attempts to define the condition as both a clinical entity in its own right and also to establish its place within the broader context of the other hereditary ataxic syndromes. Friedreich' s ataxia remains one of the few eponymous ataxic syndromes that is confidently diagnosed in modern neurological practice. The most recent classifications by Barbeau and his group2 and Harding-have relied upon common phenotypic expressions of the condition as the principal features essential for diagnosis. We have examined ten cases neuro-otologically to ascertain whether, from that point of view, they constitute a homogeneous population.
couplcd electro-oculography. Separate eye recordings were made in the horizontal and vertical planes. An electrostatic ink jet recorder print out was used for qualitative assessments and manual measurements. Saccade velocities were assessed for target jumps of 30 degrees. Smooth pursuit was judged to be impaired when the patient could not follow a sinusoidal target moving at 20 degrees/s (at a frequency of 0(2 Hz) or less without saccadic intrusions. Optokinetic responses were assessed by whole field stimulation using a cylindrical curtain rotating at 40 degrees/s constant angular velocity. Optokinetic nystagmus was judged to be normal if the gain of the slow phase was near unity at that velocity and the pattern of insertion of the fast phases was orderly. The target used for assessment of pursuit and saccades was the projected beam of a Helium-neon laser reflected from a servo-controlled rotating mirror on to a tangent screen. The target subtended (-002 radians at a distance from the subject of 3 metres. Ability to suppress the vestibulo-ocular reflex was assessed by observation of the EOG for the presence of nystagmus during impulsive rotational stimulation at up to 40) degrees/s constant angular velocity with the patient fixating on a target rotating with him in a Barany chair.
Vestibular fuinction
The patients underwent caloric testing (method of Fitzgerald and Hallpike4). The threshold of nystagmus to angular acceleration was measured. Each patient was given an impulsive starting and stopping rotational stimulus to and from 40 degrees/s constant angular velocity (trapezoidal wave form) in a rotating chair. The maximum slow phase velocity generated was measured manually from the traces.
Neuro-otological abnormalities in Friedreich ' Loudness discomfort levels were elevated in three patients at 0-5, 1 and 2 kHz.
BAEP
Only one of the patients had an unequivocally normal BAEP (DG) and one a clear delay of component V (SW). The remaining five patients had BAEPs in which the IV/V complex was of unusual form in which it appears that the component IV was dominant rather than V (fig 4) . The fact that the III-IV/V interval in these five patients was about 1 30 ms rather than 1 85 ms favours the major component of the IV/V complex being component IV. Friedreich's ataxia patients./ 79 Rebound nystagmus is thought to be characteristic of cerebellar system disease." ' "i As such, this finding is at variance with the usually accepted neuropathology of Friedreich's ataxia, the major abnormality being in the spinal cord (dorsal columns and posterior spinocerebellar tracts) and the low brainstem, the cerebellum often being normal. '12 " The common finding of square wave jerks (Gegenrucke) again points to cerebellar system disease.1 '" " In the six patients affected, square wave jerks of short duration (80 ms) were recorded. These are particularly suggestive of cerebellar dysfunction as they cannot be mediated by retinal feedback. Ih The Neuro-otological abnormalities in Friedreich's ataxia longer duration square wave jerks recorded (up to 250 ms) can occur with cerebellar, brainstem or cerebral hemispheric disease. '7 Saccadic dysmetria was seen in most of the patients although saccade velocities were normal. Baloh et al, ' however, found two out of their five Friedreich's ataxia patients to have slowed saccades. The diagnosis in one of their cases must be questioned as the patient also had epilepsy. Whether the presence of slowed saccades precludes a diagnosis of Friedreich's ataxia and points more to an illness of the olivopontocerebellar atrophy group requires appropriate examination of further cases.
The observation of brief episodes of ocular flutter in five patients is in agreement with previous studies.5
I If the hypothesis of Zee and Robinson'9 that an abnormality of the "pause" cells of the pontine paramedian reticular formation is the defect responsible for ocular flutter is correct, then this is a confirmatory sign of brainstem involvement.
In summary, disordered pursuit (and vestibuloocular reflex suppression), dysmetric saccades, gaze evoked nystagmus, rebound nystagmus, square wave jerks and ocular flutter were all observed amongst our patients. However, no single abnormality was common to all 10 patients and clustering of abnormalities was variable.
VESTIBULAR ABNORMALITIES
Durations of responses to caloric stimulation were within normal limits in seven of the nine patients tested. In the two patients with no response the external auditory canals were very narrow and accordingly the results of the tests are dubious. However, the findings of reduction in the duration of the response and maximum slow phase velocity generated on rotational testing, in conjunction with elevated thresholds to angular acceleration, indicate reduced vestibular function. Spoendlin" examined pathologically the temporal bones of two sisters with Friedreich's ataxia and found vestibular nerve degeneration with relative preservation of the saccular and utricular branches. The labyrinthine end organs were preserved. Igarishi et al" found similar changes. Other authors have reported reduced or absent caloric responses in Friedreich's ataxia." '9 The appearance of derangement or irregularity of vestibular responses is due to an abnormal pattern of insertion of fast phases of nystagmus. This probably indicates disturbed function of neurons in the reticular formation involved in the generation of vestibular saccades.2' The spontaneous reversal of vestibular nystagmus, and also the rebound nystagmus, suggest a faulty brainstem velocity-storage integrator22 possibly situated in the perihypoglossal nuclei. Reduced vestibular function, whether it be 31 due to degeneration in the vestibular nuclei, vestibular nerves, Scarpa's ganglion or any combination of these, appears to be a consistent feature in Friedreich's ataxia. AUDITORY ABNORMALITIES Symptomatic hearing loss is rare in Friedreich's ataxia but it has occasionally been reported. Spoendlin'' studied suggest that since component V is abnormal, and component I when recorded, normal, there is additional damage to the brainstem structures, such an interpretation is unwise. We have no way of knowing how perverted input as a result of VIII nerve dysfunction might affect later components of a serial train. The marked effect on component V might well originate at the spiral ganglia and cannot be taken as evidence of a more central disturbance.
Concluding remarks
The neuro-otological abnormalities in Friedreich's ataxia are extensive but do not form a consistent pattern. In this small series there is no obvious correlation between the type or severity of the abnormalities found and the duration of the disease suggesting that these patients constitute a hetero-geneous group. Of particular interest is the high proportion of patients with vestibular and oculomotor abnormalities generally associated with cerebellar disease despite the absence of pathology at a gross level in that structure. This may reflect subtle physiological dysfunction of the cerebellum consequent upon congenital absence or deficiency of normal sensory input, for example from somatosensory afferent pathways, and, if this is so, provides further evidence for plasticity of cerebellar function.
It appears from these data that a diagnosis of Friedreich's ataxia based upon a constellation of physical signs and pattern of inheritance does not result in the selection of a homogeneous group. Further, more accurate classification of the spinocerebellar degenerations must await the development of new biochemical techniques.
